seems still to be the titanium abutment in conjunction with a metal-ceramic crown (Bidra & Rungruanganunt, 2013; Jung, Zembic, Pjetursson, Zwahlen, & Thoma, 2012) . Due to esthetic issues, clinical treatment and research were extended to ceramic abutments as well as to all-ceramic crowns to restore the implants. In the systematic review of Jung and coworkers (2012) , the survival rate of implant-supported single crowns defined as "SCs remaining in situ with or without modification during the observation period" amounted to 96% for both, metal-ceramic and all-ceramic crowns. Only two of the included investigations examined all-ceramic crowns (Andersson, Ödman, Lindvall, & Brånemark, 1998; Bonde, Stokholm, Isidor, & Schou, 2010) . In a recently published systematic review, Abou-Ayash, Strasding, Rücker, and Att (2017) calculated survival rates of 95% (mean observation time of approximately 5.4 years) for all-ceramic SCs based on the data of 19 investigations and for metal-ceramic crowns examined in 27 studies (mean observation time of approximately 5.6 years). The comparison of the two mentioned systematic reviews allows the conclusion that the usage of all-ceramic restorations has increased over time and that this treatment alternative is now in the focus of clinical research and application (Abou-Ayash et al., 2017) . Focusing on the impact of different ceramic materials on SC survival, Abou-Ayash et al. (2017) were not able to find statistically significant differences between the survival rates of SCs made from veneered zirconia, veneered alumina, nano-ceramics, and glass-based ceramics.
Several technical complications have been reported in these reviews like abutment or screw loosening, retention loss due to fracture of the utilized cement, and fracture of the framework or of the veneering ceramic (chipping) . No statistically significant differences regarding these technical complications were found, neither between metal-ceramic and all-ceramic restorations (Jung et al., 2012) nor between all-ceramic crowns made of different ceramic materials (Abou-Ayash et al., 2017) . In a review focusing solely on zirconia-based single crowns, veneering material fractures appeared in 1.9% of cases of tooth-supported crowns and 7.9% of the implant-supported cases (Larsson & Wennerberg, 2014) . Chipping of the veneering ceramic appeared to be a phenomenon that occurred with lower frequencies in recent investigations compared to previous studies suggesting a "learning curve" in the manufacturing process of veneered zirconia crowns (Larsson & Wennerberg, 2014) .
Since over time more investigations using all-ceramic SC reconstructions on implants were published, it seems to be valid to screen the pertinent literature again for the longevity of those reconstructions. The purpose of this systematic review therefore was to give an update on the survival and technical complications rates of implant-supported all-ceramic single crowns.
Furthermore, the influence of study design and setting, implant/ abutment/framework material, crown design (veneered/monolithic), retention mode (screw-retained/cemented), cement used and SC location on implant and SC survival as well as on technical complication rates was evaluated.
| MATERIAL AND ME THODS

| Study design
The study protocol of this systematic review followed the guidelines for Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher, Liberati, Tetzlaff, Altman, & Group, 2009 ). This report is in compliance with the appropriate EQUATOR (http://www. equator-network.org) guidelines. Furthermore, to improve searching databases for clinical questions, the PICO framework was applied (Schardt, Adams, Owens, Keitz, & Fontelo, 2007) . PICO stands for patient/population (P), intervention (I), comparison (C), and outcome (O).
For this systematic review, the "PICO" question was defined as follows:
• Population: partially edentulous patients The following study types were excluded:
• Technical reports, animal investigations, and case reports
• Studies not reporting on technical outcome
• Data extraction and statistical analysis not possible due to pooled results for all-ceramic and metal-ceramic crowns or undefined number of SC at follow-up.
If a study contained more than one cohort, only the cohort(s) fulfilling the inclusion criteria was considered.
| Selection of studies
The two investigators (KR and RK) independently screened the obtained studies after removing the duplicates. After evaluating titles and abstracts and removing articles on the basis of titles and abstracts, the remaining investigations were selected for full-text analysis. Where no abstract was available, the full text was obtained.
Principle characteristics of the then included studies were summarized and contrasted. A manual search through the reference lists of all selected full-text articles as well as of reviews with similar topics finalized the search. If disagreements occurred regarding the inclusion or exclusion of investigations, these were discussed with a third author (BCS). If no agreement could be found, an article was included.
| Data extraction
Data extraction was performed for the included investigations with obtaining the information on: author, year of publication, study design, setting of the investigation, mean follow-up time in years, number and mean age of patients included, and number of patients at the end of the study. Furthermore, the number of single crowns, implants, and abutments at baseline and at the end of follow-up was extracted. Technical complications including fractures (framework and veneering ceramic), screw loosening, and loss of retention (decementation) were recorded and information on the veneering technique (pressed, hand-layered) documented where available. Further variables like the implant and abutment material, the retention mode (cemented/screw-retained), the cement used, the restoration distribution (anterior/posterior, molar/premolar, and maxilla/mandible), and the dropout rate were assessed. In addition, the information on framework material, brand name of framework material, veneering material, and brand name of veneering material were obtained where possible. The corresponding authors of the articles of interest were contacted by email in case of doubt.
| Qualitative assessment of the included investigations
KR and RK assessed the included investigations. The assessment for risk of bias for the randomized controlled clinical trials (RCTs) was performed with the Cochrane Collaboration's tool (Higgins et al., 2011) . With the Newcastle-Ottawa Scale (NOS) the quality of nonrandomized studies was assessed (http://www.ohri.ca/programs/ clinical_epidemiology/oxford.asp). Studies with NOS scores (a star F I G U R E 1 Arrangement of the applied search terms, addressing the restoration form (single crown), the restoration support (dental implants), and the restoration material (ceramic or ceramic-like materials) by a combination of free-text terms and controlled/indexed vocabulary system has been developed for scoring) of less than 5, 5 to 7, and above 7 were considered as having low, moderate, and high methodological quality, respectively. For a further analysis, the negative binomial regression was used.
| Statistical analysis
Robust standard errors were calculated to obtain 95% confidence intervals of the summary estimates of the event rates. The estimated survival after 5 (for investigations covering less than 8 years of mean follow-up) or 10 years (for investigations covering 8 years and more) was calculated via the relationship between event rate and survival function. By assuming constant event rates the survival function S can be calculated for each time point T by S(T) = exp(-T * event rate) (Kirkwood & Sterne, 2003a , 2003b .
Meta-analyses were performed for investigations covering less than 8 years of mean follow-up and for investigations covering 8 years and more.
Multivariable negative binomial regression was used to investigate whether event rates varied by study design, study setting, implant material, abutment material, retention (screw-retained/cemented), cement, veneered-monolithic and location (upper/lower jaw, anterior/posterior areas). All analyses were performed using STATA ® 14.2 (StataCorp LP, College Station, TX, USA).
| RE SULTS
| Screening process
The electronic search yielded 1,698 publications in MEDLINE/ PubMed, 2,364 in EMBASE and 152 in CENTRAL (Figure 2 ). After removing the duplicates, 2,903 records remained. From these 2,903
records, 2,812 records were excluded through title and abstract screening. During the assessment of the full texts, further 56 articles were disqualified. Screening of the reference lists brought six more publications. Finally, 41 articles were included in the qualitative synthesis and two up to 26 studies-depending on the available information for the investigated subgroups (implants/single crowns, technical complications)-were included in the meta-analyses.
Studies were excluded in most of the cases because only metalceramic crowns were evaluated or results for single crowns and fixed dental prosthesis, metal-ceramic and all-ceramic or for teeth-and implant-supported reconstructions were pooled (for further reasons for exclusion see Supporting information Table S1 ).
| Included studies
The investigations meeting the inclusion criteria for this systematic review are depicted in Tables 1 and 2 . Information on materials that have been used for the fabrication of SCs in the different investigations is presented in Table 3 an individualized zirconia CAD/CAM abutment veneered with a fluorapatite veneering ceramic. Cionca, Müller, and Mombelli (2015) presented the data of two different two-piece zirconia implants (first-generation Zeramex implants and Zeramex T implants). Only data of the first-generation Zeramex implants could be included in this review as information on technical complications was given only for this cohort.
Of the included investigations, seven studies were randomized controlled clinical trials (RCT), 20 were prospective investigations (PRO), 12 were retrospective studies (RE), and two investigations did not report on the design. Most of the investigations were performed solely at universities (29). The mean follow-up period ranged from 1 year up to 18.5 years (mean: 4.55 years) (Table 4) with six investigations comprising a mean follow-up of equal to or more than 8 years (Bergenblock, Andersson, Fürst, & Jemt, 2012; Bonde et al., 2010; Chappuis et al., 2017; Dierens et al., 2016; Malo, de Araujo Nobre, Lopes, Ferro, & Gravito, 2015; Zembic, Philipp, Hämmerle, Wohlwend, & Sailer, 2015) and 35 of less than 8 years.
All-ceramic SCs were fixed on titanium or zirconia implants using screw retention or cementation ( Table 2 ). The great majority of studies used titanium implants (32 studies) and only five inserted exclusively zirconia implants (Cionca et al., 2015; Payer et al., 2013; Spies, Kohal, Balmer, Vach, & Jung, 2017; Spies, Pieralli, Vach, & Kohal, 2017; Spies, Stampf, & Kohal, 2015) . The restorations were either fabricated out of two parts (abutment and crown) or of one part, where the ceramic abutment was directly veneered with a veneering ceramic (Tables 2 and 3 teen studies, glass-based ceramic crowns were inserted. Of these studies, one study evaluated crowns made of feldspathic porcelain (Dierens et al., 2016) , three studies reported on leucite reinforced glass-ceramic crowns (Canullo, 2007; Glauser et al., 2004; Zembic et al., 2015) , and nine on lithium disilicate crowns (LiS2) (Cooper, Stanford, Feine, & McGuire, 2016; Joda, Ferrari, & Brägger, 2017; Paolantoni et al., 2016 A; Payer et al., 2013 Payer et al., , 2015 Peron & Romanos, 2016; Spies, Pieralli, et al., 2017; Thoma, Brandenberg, Fehmer, Buchi, et al., 2016; Vanlioglu, Kahramanoglu, Yildiz, Özkan, & KulakÖzkan, 2014) . Monolithic single crowns were followed up in six of the studies using LiS2 (Cooper et al., 2016; Joda et al., 2017; Paolantoni et al., 2016 A; Payer et al., 2015; Peron & Romanos, 2016; Spies, Pieralli, et al., 2017) . One study was included that evaluated monolithic resin-nanoceramics (RNC) (Schepke, Meijer, Vermeulen, Raghoebar, & Cune, 2016 
TA B L E 4 Information on survival and complications of the installed implants and delivered restorations TA B L E 5 B Estimated failure rates per 100 crown years and estimated survival rates after 5 years for the different material groups for studies with mean follow-up < 8 years F I G U R E 3 (a) Forest plot of the estimated annual failure rate (per 100 years) for implants from investigations with a mean follow-up of less than 8 years. (b) Forest plot of the estimated annual failure rate (per 100 years) for implants from investigations with a mean follow-up of equal/more than 8 years. (c) Forest plot of the estimated annual failure rate (per 100 years) for single crowns from investigations with a mean follow-up of less than 8 years. (d) Forest plot of the estimated annual failure rate (per 100 years) for single crowns from investigations with a mean follow-up of equal/more than 8 years single crowns. Implants were either located in the upper jaw (12 studies), in the lower jaw (one study) or in both.
| Survival
Estimated survival rates after 5 years and 10 years were calculated for implants and SCs. Table 5, 95.1%-97.1%) ( Table 5 ). Multivariable negative binomial regression revealed that study design, study setting, implant material, abutment material, as well as the retention mode of the crownaffected implant survival rates in a statistically significant way (Table 5A ).
| Implant survival (
| SC survival (Table 5, A, B; Figure 3c & d)
Ninety-five SCs of the initially included 2,390 SCs were reported to be failures (≙4%). SC survival was defined as a prosthesis remaining in situ with or without modification at the end of follow-up. For time frames shorter than 8 years, the estimated failure rate per 100 SC years was 1.45 (95% CI: 0.73-2.87) (Figure 3c ) translating into a 5-year survival rate of 93.0% (95% CI: 86.6%-96.4%) ( Table 5 ). For examination periods of more than 8 years, an estimated failure rate of 0.57 (95% CI:
0.35-0.94) (Figure 3d ) per 100 SC years and an estimated survival rate of 94.4% (95% CI: 91.1%-96.5%) after 10 years were calculated.
Besides framework material, the cement used to retain the SCs and the location of the SCs influenced SC survival in a statistically significant way (Table 5A) .
Furthermore, in a subgroup analysis, the estimated survival rates after 5 years were calculated for veneered alumina with (Table 5B) .
| Technical complications
Fractures of the veneering material (chipping) and the framework, screw loosening, decementations, and occlusal roughness were technical complications assessed in this review. Estimated failure rates per 100 SC years as well as estimated success/complication rates after 5 and 10 years were calculated for each type of technical complication. (Table 6, (Figure 4b ) and 2.7% (95% CI: 2.1%-3.5%) after 10 years (Table 6) .
| Chipping
Chipping rates were influenced by study design, implant material, framework material, retention mode, and location of the SCs in a statistically significant way (Table 6A) .
Five-year chipping rates were calculated for the subgroups based on framework material (Table 6B ) and amounted to 1.8% (95% CI:
0.8%-3.7%) for veneered alumina, to 11.8% (95% CI: 6.3%-21.5%) for veneered zirconia, to 3.5% (95% CI: 0.6%-19.1%) for veneered glass-ceramics (Empress 1/LiS2), and to 6% (95% CI: 1.2%-27.8%) for monolithic LiS2.
Only four studies reported on altogether 46 reconstructions exhibiting occlusal roughness (Guarnieri et al., 2015; Spies, Pieralli, et al., 2017; Thoma, Brandenberg, Fehmer, Buchi, et al., 2016 None of the investigated confounding variables was found to influence the incidence of occlusal roughness.
| Framework fractures (Tables 6A, 7, Figure 5a & b)
Twenty-two framework fractures were noticed in 18 studies. The meta-analysis of the studies with mean follow-up <8 years revealed an estimated framework fracture failure rate of 0.38 (95% CI: 0.14-1.00) (Figure 5a ) per 100 SC years resulting in an estimated success rate of 98.1% (95% CI: 95.1%-99.3%) or-in other words-in an estimated framework fracture rate of 1.9% (95% CI: 0.7%-4.9%) after 5 years; corresponding values for the 10-year estimates were 0.12 (95% CI: 0.10-0.15) (Figure 5b ), 98.8% (95% CI: 98.5%-99.0%), and 1.2% (95% CI: 1.0%-1.5%) ( Table 7 ). The rate of framework fractures was statistically significantly influenced by study setting, crown design, cement used, and location of the SC (Table 6A) .
| Screw loosening (Table 8)
A further common technical complication was the loosening of abutment screws. Sixteen studies reported on 55 events of screw loosening. The 5-year estimated screw loosening event rate was 0.74 (95% CI: 0.32-1.74) per 100 SC years, and the failure rate was 3.6% (95% CI: 1.6%-8.4%) after 5 years. The estimated 10-year data were 0.53 (95% CI: 0.37-0.78) and 5.2% (95% CI: 3.6%-7.5%) ( Table 8 ). Based on a rather small number of included studies, no variables influencing the screw loosening rate could be identified.
| Decementation/retention loss (Table 9)
Estimated survival and failure rates were calculated for crown decementation. Eleven studies were included in this analysis; none of the studies provided data for more than 8 years of follow-up. In total, five events of retention loss were reported. The estimated decementation rate per 100 SC years was 0.22 (95% CI: 0.08, 0.57). The estimated decementation failure rate after 5 years was 1.1% (CI: 0.4%, 2.8%) ( Table 9 ). None of the investigated parameters showed statistical correlation with the decementation rate.
It is noteworthy, that 40 events of decementation were reported in the investigation of Schepke et al. (2016) . The crowns in that investigation showed in 80% of the cases a bonding failure of the-extraorally performed-cementation of the crown/abutment assembly.
However, since Schepke et al. (2016) reported on screw-retained RNC crowns, this investigation was not included in the decementation analysis.
| Qualitative assessment of the investigations (Supporting information Tables S2 and S3)
The "Cochrane Collaboration's tool for assessing risk of bias in randomized trials" was used to evaluate the RCTs in this systematic review (Bömicke et al., 2017; Hosseini, Worsaae, Schiodt, & Gotfredsen, 2011; Paolantoni et al., 2016; Payer et al., 2015; Thoma, Brandenberg, Fehmer, Buchi, et al., 2016; Wittneben et al., 2017) (Supporting information Table   S2 ). All RCTs provided enough information for the evaluation of any incomplete outcome data and selective reporting. All RCTs for these two aspects were regarded as having low risk of bias.
However, all other columns had to be scored differently for the different investigations. Random sequence generation has been F I G U R E 4 (a) Forest plot of the estimated annual event rate (per 100 years) for chipping from investigations with a mean follow-up of less than 8 years. (b) Forest plot of the estimated annual event rate (per 100 years) for chipping from investigations with a mean follow-up of equal/more than 8 years TA B L E 6 Estimated event rates per 100 crown years and estimated technical complication rates after 5 years performed in four investigations (Bömicke et al., 2017; Payer et al., 2015; Thoma, Brandenberg, Fehmer, Buchi, et al., 2016; Wittneben et al., 2017) ; information on allocation concealment was given in three studies (Bömicke et al., 2017; Hosseini et al., 2011; Payer et al., 2015) . A high risk of bias could be found in all RCTs regarding blinding, mostly owing to the fact that blinding of participants and personnel was not applicable/not applied.
Industrial support was explicitly mentioned in six investigations which led to a high risk of "other sources of bias" (Bömicke et al., 2017; Hosseini et al., 2011; Payer et al., 2015; Thoma, Brandenberg, Fehmer, Buchi, et al., 2016; Wittneben et al., 2017) .
The Newcastle-Ottawa Scale (NOS) for cohort investigations was applied for the qualitative assessment of the included prospective and retrospective studies (Supporting information Table S3 ).
According to the classification given in Material and Methods, four investigations were considered of being of high methodological quality (Fenner, Hämmerle, Sailer, & Jung, 2016; Güncü, Cakan, Aktas, Güncü, & Canay, 2016; Hosseini, Worsaae, Schiodt, & Gotfredsen, 2013; Lops, Bressan, Chiapasco, Rossi, & Romeo, 2013 ) (NOS Score 8/9). Only one investigation was rated as being of low (NOS Score 4) methodological quality (Canullo, 2007) , whereas the remainder of the investigations was regarded as having moderate (NOS Score 5-6) methodological quality.
| D ISCUSS I ON
The purpose of the present review was to give an update on the outcome of implant-supported all-ceramic SCs and supporting implants.
Although high survival rates were found for implants and all-ceramic SCs, technical complications appeared at a rate of 1.1%-9%.
In this review, survival rates of 95.3% after 5 years and 96.2% TA B L E 6 B Estimated event rates per 100 crown years and estimated technical complication rates after 5 years of restorations for the different material groups for studies with mean follow-up < 8 years this review result from the inclusion of two zirconia implant investigations presenting above-average implant failure rates (Cionca et al., 2015; Spies, Stampf, et al., 2015) and thus skew the result.
An explanation for the different implant survival rates depending on abutment materials might be that the material of an abutment is known to influence the quality of the mucosal barrier (Abrahamsson, Berglundh, Glantz, & Lindhe, 1998) as well as the bacterial colonization (Scarano, Piattelli, Caputi, Favero, & Piattelli, 2004) and therefore might have an impact on implant survival.
Another factor affecting peri-implant tissues is known to be excess cement (Shadid & Sadaqa, 2012) having the capacity to induce peri-implant diseases (Wilson, 2009) . Cement remnants might therefore explain the higher failure rate of implants reconstructed with cemented SCs compared to implants with screw-retained ones.
For implant-supported all-ceramic SCs, estimated survival rates of 93% after 5 years were calculated in the present meta-analysis which were lower survival rates as depicted in the reviews of Jung higher than the survival rates of tooth-supported all-ceramic fixed dental prostheses-as another treatment alternative for a lost single tooth-reaching 86%-90% depending on the ceramic material used (Pjetursson, Sailer, Makarov, Zwahlen, & Thoma, 2015) . This supports the view that implant-supported all-ceramic crowns present a viable treatment alternative for restoring a lost single tooth. Survival rates for SCs were higher in the group with a mean follow-up exceeding 8 years. One explanation could be that the crowns are prone to fail within the first years in function. Another one might be that it cannot TA B L E 7 Estimated event rates per 100 crown years and estimated technical complication rates after 5 years of restorations be excluded that long-term studies with higher failure rates are not published (publication bias). SC survival was higher if the SC was cemented with resin cement compared to GIZ. This result reflects the fact that resin cements increase the fracture load of ceramics (Attia, Abdelaziz, Freitag, & Kern, 2006) and therefore decrease the crown failure rate for glass-based ceramics compared with conventional cements (Bernal, Jones, Brown, Munoz, & Goodacre, 1993) .
Furthermore, SCs placed in anterior areas showed a smaller risk to fail than SCs in posterior areas.
Although survival rates represent the most important aspect for the suitability of a ceramic to serve as restoration material for implant-supported SCs, technical complication rates give more detailed information on the clinical outcome. The most common technical complication in the present review was the chipping (veneer fracture) of the all-ceramic crowns. The estimated chipping rate after 5 years with 9% was higher compared to the reported chipping rates of 3.5% and 4% after 5 years for all-ceramic and metalceramic SCs (Jung et al., 2012; Sailer, Philipp, et al., 2009) . In this analysis, two studies reporting of above-average chipping rates of 46% and 60% after 5 years for veneered zirconia crowns were included (Bömicke et al., 2017; increasing the chipping rate considerably. Again, as meta-analysis for studies with follow-ups exceeding 8 years revealed an estimated chipping rate of 2.7%, failure rates were higher in studies that covered smaller follow-up time frames. Chipping seems therefore to be an event that is most likely to occur shortly after prosthesis insertion.
Retrospective studies were correlated with a lower chipping rate than prospective studies or randomized clinical trials. This has to be kept in mind when screening the literature for chipping rates.
Crowns retained by zirconia implants were more prone to chipping than crowns on titanium implants. Zirconia implants are stiffer than titanium implants (higher modulus of elasticity), and therefore, the load onto the all-ceramic crowns will not be cushioned by bending of the implants. The chewing force exerts its full impact onto the crowns (Spies, Stampf, et al., 2015) which might therefore lead to increased chipping rates. Furthermore, crowns with Y-TZP frameworks were more susceptible to chipping than crowns with frameworks made of alumina. Chipping rates of veneered zirconia crowns ranged from 0% (Hosseini et al., 2011) up to 59.7% Although the estimated framework fracture rate in our review amounted to 1.9% after 5 years, two included studies reported on comparatively high framework fracture rates (Paolantoni et al., 2016; Schepke et al., 2016) . In the publication of Paolantoni et al.
(2016), a fracture rate of 12.1% after 5 years was reported for lithium disilicate crowns cemented on standard zirconia abutments in anterior regions of the jaw. No information was given on the possible reasons for these fractures. It is surprising that crowns made of lithium disilicate were susceptible to framework fractures in anterior regions in this extent, raising the question if framework fractures were trauma associated. Another possible explanation might be that the used standard abutments did not offer enough anatomical support for the cemented reconstructions. An even higher estimated SC fracture rate of 33% after 5 years was calculated for the investigation of Schepke et al. (2016) who restored implants in posterior areas with screw-retained single crowns made of a monolithic resin-modified nanoceramic (Lava Ultimate). Nanoceramics were introduced into dentistry with the purpose that the high elasticity of the material might reduce the pressure on the peri-implant bone and therefore might reduce peri-implant bone resorption (Mihali, Bortun, & Bratu, 2013) . Obviously, the material composition negatively influenced the fracture stability of the implant-supported SCs. Schepke et al. (2016) , therefore, concluded that "RNC crowns luted to stock and customized zirconia implant abutments with the 3.6% of the SCs exhibited loose abutment screws in the first 5 years and 5.2% of SCs after 10 years which is lower than the cumulative incidence of 8.8% reported by Jung et al. (2012) and the 5.1% after 5 years recorded by Sailer, Philipp, et al. (2009) . However, the former reviews included also investigations reporting on aboveaverage screw loosening rates (Henry et al., 1996; Wannfors & Smedberg, 1999) . New screw designs and materials apparently reduce this technical complication but they are not able to prevent it completely.
The estimated decementation rate was 1.1% after 5 years; an estimated decementation rate after 10 years could not be calculated due to missing data. Although the implant-supported crowns in the investigation of Schepke et al. (2016) have to be considered as screw-retained crowns, they showed the highest incidence of decementation.
Loss of retention (fracture of the luting cement) was indicated in the literature with 4.1% and 5.7% after 5 years (Jung et al., 2012; Sailer, Philipp, et al., 2009 ). In accordance with Abou-Ayash et al.
(2017), the decementation rate did not differ between SCs made of different ceramic materials. The type of cement used did neither influence the decementation rate in the present review.
Within the limitations of this review, it was shown that all-ceramic implant-supported SCs represent a viable alternative to metal-ceramic SCs or fixed dental prostheses.
Regrettably-based on the available data-no recommendations on the usage of the different ceramic systems could be formu- 
| CON CLUS IONS
All-ceramic implant-supported SCs and supporting implants reached high survival rates and represent therefore a possibly more esthetic TA B L E 9 Estimated event rates per 100 crown years and estimated technical complication rates after 5 years of restorations alternative to metal-ceramic SCs in the treatment of partially edentulous patients.
The major technical complication was chipping of the veneering ceramic, especially if Y-TZP-based SCs were considered.
Chipping rates were statistically higher if SCs were placed on zirconia implants and if SCs were located in posterior segments.
Therefore, from a theoretical point of view and in conjunction with current literature, chipping rates in posterior, esthetically not demanding areas might be reduced using monolithic SCs supported by titanium implants. Further technical complications like framework fractures, screw loosening, and decementation occurred rarely. However, the application of hybrid resin-ceramics has to be seen critically at the moment regarding their framework fracture and survival rates.
As some confounding variables (study design, setting, implant material, framework material, retention mode, cement, and location) did affect the outcomes significantly, the survival and success rates of all-ceramic SCs can be improved in the next years if research focuses on how exactly these variables influence SC success. In doing so, the aim should be to formulate clinical guidelines in which areas of the jaw which ceramic system should be applied and how the crowns should be fabricated and inserted.
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